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Supplementary figure legends

Figure S1. Sequence analysisof Pmp23 and comparison of itshomology model with bacterial
lysozyme structures. a. The sequence of Pmp23 frdpneumoniae R6 was aligned with MItE
from E. coli or with the G-type lysozyme fronGadus morhua (G-type lyso). Conserved
residues are in red boxes, similar residues iroyeboxed red characters. Residue numbering is
for Pmp23. The catalytic Glu and Asp residues of48k domains are highlighted with red stars.
Note that both residues are present in Pmp23 (B68D&8), but that the Asp is not conserved in
MItE and the G-type lysozyme. The lysozyme-spedsn and Glu/Asp residues, which are only
present in Pmp23 (N119 and E74) and the G-typelyse, are highlighted with blue stars. The
bLysG-specific DVMQSSES motif is highlighted witin arange boxb-c. Alternative views of
the surface representation of the Pmp23 homologgetso(Pmp23+e and Pmp23py) and
comparison with their CwIT templates fradn difficile (CwITcq, PDB code 4HPE) anfl aureus
(CwiITss PDB code 4FDY). The Glu and Asp residues requioedwIT activity are labeled and
colored red. The DVMQSSES motif is colored in oranghe positions of the C-terminal and N-

terminal lobes are indicated.

Figure S2. Characterization of S. pneumoniae morphology when Pmp23 is inactivated. a.
Immunoblot analysis of whole-cell lysates frors.gneumoniae R6 strain and strains expressing
wild-type (WT), E61Q and D68N variants sgfp-pmp23 with anti-GFP antibodies (upper panel).
Enolase levels were monitored to control for logd{ftower panel)b-e. Electron microscopy
images of thin sections of wild-typb)( 4pmp23 (c), pmp23(E61Q) @) andpmp23(D68N) () S.

pneumoniae cells. Scale bars = 200 nm.
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Figure S3. FtsZ localization in the presence of Pmp23 or when Pmp23 isinactive. a. Live S
pneumoniae cells expressing an endogendtsZ-gfp fusion in wild-type WT), 4pmp23 and
pmp23(E61Q) genetic backgrounds. Examples of cells wutld-type FtsZ localization (green
arrows) and distorted cells with asymmetric (oraagewheads) or helical (orange arrows) FtsZ
localization are indicated. Phase contrast (PCR @&korescence and merged images are shown.
Scale bars = iim. b. Immunoblot analysis of whole-cell lysates fromadwiype WT), 4pmp23
andpmp23(E61Q)S. pneumoniae strains expressing an endogenfig’-gfp fusion with anti-FtsZ
antibodies. Enolase levels were monitored to coridmloading.c. Native FtsZ was labeled in
fixed wild-type WT), 4pmp23 and pmp23(E61Q) cells using mouse anti-FtsZ serum and Cy2-
conjugated anti-mouse IgG. Examples of cells willdstype FtsZ localization (green arrows) and
distorted cells with helical (orange arrows) Ftegdlization are indicated. GFP fluorescence and

merged images (between the Cy2 and the phase sbaiannels) are shown. Scale barspeml

Figure $4. Time-lapse FtsZ localization in pmp23(E61Q) mutant cells. Live S. pneumoniae
cells expressing an endogendtsZ-gfp fusion in thepmp23(E61Q) genetic background were
grown in CH medium at 30°C. Orange arrowheads poirgsymmetric Z-ring positioning and
white arrowheads indicate cells undergoing actsyranetric division. Orange arrows indicate
helical FtsZ localizations appearing as soon a5 istdetected in the newborn cell and blue arrows
indicate helical FtsZ localization arising from mge Z-ring. White arrows point at cells
undergoing active division despite helical FtsZalaration. Phase contrast (PC), GFP fluorescence

and merged images are shown. Scale bargm.1
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Figure S5. MapZ localization in the presence of Pmp23 or when Pmp23isinactive. a. Live S
pneumoniae cells expressing an endogendajig-mapZ fusion in wild-type (WT),4pmp23 and
pmp23(E61Q) genetic backgrounds. Arrows point to ceitpldying wild-type morphology and
wild-type MapZ localizations (green), enlarged sellith a slight membrane delocalization of
MapZ (yellow) and abnormal morphology with aberréhapZ localizations (orange). Phase
contrast (PC), GFP fluorescence and merged imageshawn. Scale bars suin. b. Immunoblot
analysis of whole-cell lysates from wild-type (WHpmp23 andpmp23(E61Q) S, pneumoniae
strains expressing an endogengismapZ fusion with anti-MapZ antibodies. Enolase levetsav

monitored to control for loading.

Figure S6. Peptidoglycan modifications in the absence of Pmp23. a. Representative
muropeptide profiles fror8. pneumoniae wild-type (WT) andApmp23 cells obtained by reversed-
phase HPLC. Peaks were assigned to muropeptidesdang to their retention times as previously
published. b. Table showing the proportion of monomers, dimeimers and the percent of
peptides in crosslinks (calculated as 100% - % mue) in purified PG from wild-type and

Apmp23 cells. The values are mean + variance of two lgicld replicates.

Figure S7. MapZ binding to peptidoglycan, phosphorylation and StkP septal localization are

not affected by the absence of Pmp23. a. His;-MapZexira2 Was incubated at 4°C for 16 h in the
presence (left panel) or in the absence (right Ip&ife for no peptidoglycan) of purified sacculi
from wild-type (WT),4pmp23 or pmp23(E61Q) cells. The protein fraction bound to the eslll

was separated from the unbound fraction by ceggation. For each experiment, the supernatant

(S) and pellet (P) fractions from the centrifugatwere analyzed by SDS-PAGE on a 12.5%
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polyacrylamide gel and immunoblotted using antiitliee antibodiesb. After protein separation

by SDS-PAGE on a 4-12% gradient polyacrylamideigehunoblot analysis of whole-cell lysates
from wild-type (WT), 4pmp23 or pmp23(E61Q) S. pneumoniae R6 strains using anti-
phosphothreonine antibodies shows equivalent plosglation signals for MapZc. Live S
pneumoniae cells expressing an endogengisstkp fusion in wild-type WT) and4pmp23 genetic
backgrounds. Examples of septal StkP localizatattepns indpmp23 cells displaying wild-type
morphology (green arrows) or abnormal morphologgrige arrows) are indicated. Phase contrast

(PC), GFP fluorescence and merged images are st@vafe bars = fm.

Figure S8. Full-size images of the immunoblots displayed throughout the manuscript.

Legends are identical to those of panelg&bS2a(b), S3b(c), S5b(d), S7a(e) and S7H(f).

Table S1. Strainsand plasmids used in this study.

Table S2. Oligonucleotide primersused in this study.
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Figure S6
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Table S1. Strains and plasmids used in this study

Strains Relevant genotype or description Reference
E. coli
DH5a F endAl ginV44 thi-1 recAl relAl gyrA96 deoR nupgRdlacZM15 1
A(lacZzYA-argF)U169, hsdR1#{rmk*), A—
BL21(DE3) F- ompl gal dcm lon hsdS(rs- me-) A(DE3 [lacl lacUV5-T7 gene 1 ind 2
san¥ nin5])
S.
pneumoniae
R6 S. pneumoniaR36A derivative 3
Spn5 (WT)  R800 rpsL1; StR 4
spMJ96 Spn5 pmp23::kan-rpsL; Kah This work
spMJ26 Spn5 pmp23:4pmp23; StF Thiswork
spMJ98 Spn5 pmp23::pmp23(E61Q); Str This work
spMJ86 Spn5 pmp23::pmp23(D68N); Str This work
spMJ11 Spn5 pmp23:4pmp23; StF; bgaA::Pz-sfgfp-pmp23; Tét Thiswork
spMJ7 R6 bgaA::Pz-sfgfp-pmp23; Tét Thiswork
spnLB32 R6 bgaA::Pz-sfgfp-pmp23(E61Q); Tét This work
spnLB33 R6 bgaA::Pz-sfgfp-pmp23(D68N); Tét This work
spMJ14 Spn5 pmp23:4pmp23; StF; bgaA::Pz-3xflag-pmp23; Tét Thiswork
spMJ15 R6 bgaA::P-3xflag-pmp23; Tét Thiswork
spMJ39 Spnb ftsZ::ftsZ-gfp+; StR 5
spMJ95 Spnb ftsZ::ftsZ-gfp+; pmp234pmp23; Stf This work
spMJ99 Spnb ftsZ::ftsZ-gfp+; pmp23::pmp23(E61Q); Str Thiswork
spnl195 Spn5 mapZ::gfp+-mapZ; Sfr 6
spMJ106 Spn5 mapZ::gfp+-mapZ; pmp23pmp23; St Thiswork
spMJ107 Spn5 mapZ::gfp+-mapZ; pmp23::pmp23(E61Q); Str Thiswork
spn476 Spnb5 ftsZ::ftsZ-mKate2, pbp2x::gfp-pbp2x; Str 5
spMJ101 Spnb ftsZ::ftsZ-mKate2, pbp2x::gfp-pbp2x; pmp2Hmp23; Stf Thiswork
spMJ104 Spnb5 ftsZ::ftsZ-mKate2, pbp2x::gfp-pbp2x; pmp23::pmER(Q); StR Thiswork
spn479 Spnb ftsZ::ftsZ-mKate2, pbp2b::gfp-pbp2b; Str 5
spMJ103 Spnb ftsZ::ftsZ-mKate2, pbp2b::gfp-pbp2b; pmp2Bmp23; StF Thiswork
spMJ105 Spnb ftsZ::ftsZ-mKate2, pbp2b::gfp-pbp2b; pmp23::pmER(Q); Stk Thiswork
Spn110 Spnb5 stkP::gfp-stkP; Sfr 7
Spn1377 Spnb5 stkP::gfp-stkP; pmp232pmp23; StF Thiswork
Plasmids
pCM83 » [bgaA::Prsfgfp] This work
Encoding sfGfp under the control of the PZn promoter, allows
chromosomal integration at the bgaA locus; AmpR, TetR
» Was generated in atwo-way ligation with an Agel-Spel DNA fragment
encoding the sfgfpgene and pCM 38 [bgaA::PZn-gfp+] (Jacq et al.,
2015) cut with Agel and Spel.
pMJL * [bgaA::Pz-sfgfp-pmp23] This work
Encoding sfGfp-Pmp23 under the control of the PZn promoter, allows
chromosomal integration at the bgaA locus; AmpR, TetR
» Was generated in atwo-way ligation with an Spel-Notl PCR product
encoding the pmp23 gene (oligonuclectide primers FORoM J3 and
REV oM J4 on genomic DNA astemplate) and pCM 83 [bgaA::PZn-
sfgfp] cut with Spel and Notl.
pLB51 * [bgaA::Px-sfgfp-pmp23(E61Q)] This work
Encoding sfGfp-Pmp23(E61Q) under the control of the PZn promoter,
allows chromosomal integration at the bgaA locus; AmpR, TetR
» Was generated by a site directed mutagenesis with oligonucleotide
primer FORoM J58 and REV oM J59 from plasmid pM J1.
pLB52 * [bgaA::Psx-sfgfp-pmp23(D68N)] Thiswork




Encoding sfGfp-Pmp23(D68N) under the control of the PZn promoter,

allows chromosomal integration at the bgaA locus; AmpR, TetR

» Was generated by a site directed mutagenesis with oligonucleotide
primer FORoM J147 and REV oM J148 from plasmid pMJ1.

pMJ2 » [bgaA::P:-3xflag-pmp23] This work
Encoding 3xflag-Pmp23 under the control of the PZn promoter, allows
chromosomal integration at the bgaA locus; AmpR, TetR
» Was generated in atwo-way ligation with an Agel-Spel product
encoding the 3x flag epitope (annealing from oligonucleotide
FORoMJ1 and REVoM J2) and pMJ1 [bgaA:: PZn-sfgfp-pmp23] cut
with Agel and Spel.

pMJ18 « [pGex4T1-gst-pmp23] 8
Encoding a fusion protein between the GST and full-length pmp23, AmpR
pGex- * [pGex4T1-gst-pbp2x] 9
PBP2x Encoding a fusion protein between the GST and the extracellular domain
of PBP2x (G49-D750), AmpR
pT7-His?-  « [pT7-His-mapZextra2] 6

mapZextra2  Encoding a fusion protein between a polyhistidine tag and the extracellular
domain of MapZ (Q182-Y 464), AmpR

Table S2. Oligonucleotide primersused in thisstudy
Primer Sequence Used for

FORoMJ1 atgaaacatcttaccagtgattatasagatgatgatgatasagattatasagat  construction of pMJ3
gatgatgatasagattatasagatgatgatgataaaggttccgetggeteege
tgctggttctggcactagttttasacgaattc

REVoM J2 gaattcgtttaaaactagtgccagaaccagcageggagecageggaacctt  construction of pMJ3
tatcatcatcatctttataatctttatcatcatcatctttatatctttatcatcatcat

ctttataatcaccogtaagatgtttcat
FORoMJ3 cgcactagttttasacgaattcgaagagtg construction of pMJ1
REVoM 4 gcgacggccgcttagccagatgtigaaaagagagtgaa construction of pMJ1
FOROMJ58  gcttgctatgatttatactcanacaaaaggasaagaaggcy E61Q site directed mutagenesis
REVOMJ59  cgccttcttttcctittgtttgagtatasatcatagcaagc E61Q site directed mutagenesis
FORoMJ147 caaaaggasaagaaggcaatgttatgcagtctagtgag D68N site directed mutagenesis
REVoMJ148  ctcactagactgcataacattgecttcttttecttity D68N site directed mutagenesis
FOROMJ25  gcttacatgtecttgattgagecagg amplification upstream of the pmp23gene
REVoMJ22  gegccttatccgaatcaaag amplification downstream of the pmp23gene
FORoMJ23  tasacgaattcgataaggctasagegtgctigtactag STOP codon insertion in the pmp23gene
REVoMJ24  ctagtacaagcactctttagccttatcgaattcgtita STOP codon insertion in the pmp23gene

Underlined: restriction sites or STOP codon
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